A copper ion sensor based on a new bis-thiourea compound N 1 ,N 3 -bis [[3,5-bis(trifluoromethyl) 
INTRODUCTION
Since 1930s, potentiometric membrane sensors have been found to possess wide applications in various fields (Faridbod et al. 2008) . They had been used frequently in the monitoring of environmental pollution, quality control in the industrial process, clinical analysis and biochemical analysis due to their advantages of simple construction, relatively fast response, wide linear range, reasonable selectivity and can be utilized for direct measurement of a wide variety of ions in complex samples (Ghaneimotlagh et al. 2014; Kopylovich et al. 2011; Perez-Marín et al. 2000; Siswanta et al. 2016 ). This type of membrane sensor has been designed based on molecular recognition, consist an incorporated carrier or ionophore within the membrane that could strongly recognize the target ion in the presence of other interference ions (Kopylovich et al. 2011 ). In general, for an ionophore that has cationic recognition, it is much dependence on the nature of the chemical bond that is formed between the ionophore and the target cation. Thus, the ionophore should contain some donor atoms such as oxygen, nitrogen or sulfur and arrange in a suitable molecular structure that could bind coordinatively to a metal ion (Ghanei-motlagh et al. 2014; Siswanta et al. 2016) .
Compounds with the (>N-C(S)-N<) functionality are thioureas. There are mono-, di-, tri-or tetra-substituted thiourea derivatives depending upon the extent of substitution on the nitrogen atoms. The presence of a carbonyl group bonded to the thiourea core is known as 1-(acyl/aroyl)-substitution. This substitution can occur on the second nitrogen atom, giving 1-(acyl/aroyl)-3-(mono-substituted) or 1-(acyl/aroyl)-3,3-(di-substituted) thioureas, with general formula R 1 C(O)N( 1 )HC(S) N( 3 )R 2 R 3 , where R may be an alkyl, aryl, aralkyl or heterocyclic substituent. These compounds offer a huge bonding potential as ligand since both carbonyl (C=O) and thiocarbonyl (C=S) groups can coordinate with some metal ions such as Pd(II), Ag(I), Cd(II), Hg(II), Pb(II), Ni(II) or Cu(II) using both oxygen and sulfur atoms (Saeed et al. 2014) . These unique properties of thioureas also fostered the application of thioureas as ionophore in the chemical sensor field (Jumal et al. 2012) . Thioureas with different coordination sites in specific geometry and with different chemical structure flexibilities can influence significantly the selectivity towards different metals that lead to the selectivity of an ionophore towards a particular cation (Wilson et al. 2010) .
In the past, most of the thioureas have been successfully applied as ionophores for heavy metals in ion selective electrode. Heavy metals such as cadmium, lead, copper and mercury are considered toxic due to their persistency and bioaccumulation behaviour in natural environment. Long terms exposure of these heavy metals can cause serious effects on human physiology and biological systems (Khan et al. 2017; Sajab et al. 2017) . Therefore, heavy metals determination is important and a simple but efficient method such as potentiometric sensor is needed. Many thiourea compounds have been successfully used as ionophores for mercury ion-selective electrode. Hg(II) ion sensor based on 1,2-bis-(N'-benzoylthioureido)cyclohexane (Jumal et al. 2012) , 4,4'-bis-(3-phenylthiourea)-diphenylmethane and 2-2-[10-[(E)-2-(aminocarbothioyl)hydrazono]-1,4-dihydroxy-9(10H)-anthracenyliden]-1-hydrazinecarbothioamide (Ghanei-motlagh et al. 2014 ), 1-diethyl-3-(4-methoxybenzoyl) thiourea (DMBT), 4-methoxy-N-(1-pyrrolidine carbonothioyl) benzamide (MPCB) and 4-methoxy-N-(piperidine-1-carbonothioyl) benzamide (MPyCB) (Khairi 2016) have been reported and showed good analytical performances. Besides, a Cd(II) ion sensor based on 1-furoyl-3-benzyl-3-phenylthiourea was also reported and showed a good Nernstian response towards cadmium ion (Lazo et al. 2006) . In 2010, a Cu(II) ion sensor based on 1-furoyl-3,3-diethylthiourea and Pb(II) ion sensors based 1,3-bis(N'benzoyl-thioureido)benzene (BTB) and 1,3-bis(N'furoylthioureido)benzene (FTB) were reported (Motlagh et al. 2010; Pérez et al. 2010; Wilson et al. 2010) . The Cu(II) and Pb(II) ion sensors showed good sensitivity, however, the Cu(II) ion sensor exhibited major interference from common ions such as zinc, sodium and potassium. Thus, a good potentiometric copper (II) ion sensor based on thiourea derivative has not yet been sufficiently explored and this has driven the interest to investigate new thioureas as ionophores in the preparation of copper ion sensors.
In this work, a new bis-thiourea, N 1 ,N 3 -bis [[3,5-bis(trifluoromethyl) phenyl]carba-mothioyl] isophthalamide (TPC) (Figure 1(a) ) was used to develop a copper ion sensor. This thiourea derivative is considered as a type of 1-(acyl/aroyl)-3-(mono-substituted) thiourea with carbonyl (C=O) and thiocarbonyl group (C=S) as the donor sites. In general, the performance of a potentiometric ion selective electrode based on electrically charged and neutral ionophore are highly influenced by the presence of ionic sites in the membrane. The ionic sites are not only important for a good Nernstian response, but also beneficial in improving the selectivity . TPC is a neutral ionophore, thus the study of the ionic site effects is necessary. Therefore the effects of addition of different ratios of a lipophilic anion, i.e. NaTFPB (Figure 1(b) ) and TPC in the membrane pBA for obtaining the best copper ion sensor was also evaluated in detail.
In addition, poly(n-butyl acrylate) (pBA) membrane was chosen as immobilization matrix instead of common membrane, poly(vinyl chloride) (PVC) in ion selective electrode. This is due to pBA membrane is photocurable, does not need any external plasticizer, fast and simple formation, excellent adhesion on solid surface with lower glass transition temperature value, Tg (Alva et al. 2005; Kook & Lee 2017; Lee & Hall 2001) . Thus, it is well suitable for the application in solid state ion sensor. For the immobilization, the ionophore TPC was immobilized into the pBA membrane via drop coating to avoid any contamination or failure of membrane formation during the fabrication of the copper ion sensor.
MATERIALS & METHODS

MATERIALS
Chemicals used in this study included n-butyl acrylate (nBA), 2,2-dimethoxy-2-phenylacetophenone ( D M P P ) , 1 , 6 -h e x a n e d i o l d i a c r y l a t e ( H D D A ) , 2-hydroxylethyl metacrylate (HEMA), sodium tetrakis [3,5-bis(trifluoromethyl) (Nurulain et al. 2016) . Deionized water (specific resistance, 18.0MΩ·cm) was used for solution preparation and cleaning glassware.
INSTRUMENTS
The potentiometric measurements were performed by using an Orion Versa Star Advanced Electrochemistry Meter. A double junction Ag/AgCl was used as the reference electrode with 0.1 M Tris HCl buffer at pH7.00 saturated with AgCl as internal reference solution and 0.1 M lithium acetate dihydrate as gel bridge electrolyte. The working electrode was an Ag/AgCl screen-printed electrode (Scrint Print Sdn. Bhd. Malaysia). An ultraviolet (UV) exposure unit (R.S.Ltd) were used during the photopolymerization of acrylate membrane. The UV exposure unit was installed with four light tubes transmitting UV light at the wavelength of 350 nm.
COPPER ION SENSOR FABRICATION
The sensor fabrication and photocuring technique were constructed according to the method reported previously (Jumal et al. 2012; Kook & Lee 2017 ) with minor modification. A monomer mixture (0.1 μL) consisted of 98.0 wt. % HEMA and 1.6 wt. % of photoinitiator, DMPP was dropped onto the tip of Ag/AgCl screen printed electrode. The mixture was photopolymerized in the UV-exposure unit for 180 s under constant flow of nitrogen gas. The polymer film (pHEMA) formed was then hydrated with 0.01 M of copper (II) chloride dihydrate solution for 15 min to form the 'inner solution' of the sensor. Another stock solution of nBA, was prepared by mixing 95.5 wt. % nBA with 0.1 wt. % of cross linker, HDDA. 100 μL of the stock solution was added to the eppendorf tube consisted of 1 mg of DMPP. An amount of 2 μL of the mixture was then dropped onto the pHEMA-SPE. The same photocure procedure was carried out for for 360 s. Finally, a required amounts of lipophilic salt, NaTFPB and ionophore, TPC was prepared as Table 1 and dissolved in 100 μL of THF. 2 μL of the stock solution (2 portions, 1 μL each) was dropped onto pBA-pHEMA-SPE, it was left overnight at room temperature to allow the evaporation of THF. This design of pBA-pHEMA-Ag/ AgCl screen printed electrode ( Figure 2 ) is similar to that reported by Alva (2008) and Kook & Lee (2017 M and finally 10 -8 to 10 -1 M whereas for reproducibility, the sensor was studied based on three different batches of electrodes. The limit of detection of the sensor was determined as recommended by IUPAC. It was calculated from the intersection of the two extrapolated segments of the calibration curve (Buck & Lindneri 1994) .
RESPONSE TIME
The response time of copper ion sensor was investigated in standard solutions copper (II) chloride dihydrate in the range from 10 -8 till 10 -1 M. The response time was the time taken when the copper ion sensor and the reference electrode were brought into contact with the solution of copper (II) chloride dihydrate until a stable reading was obtained for several minutes.
INTERFERENCE STUDIES
The selectivity behavior of the ion sensor was determined by separate solution method (SSM) with 0.1 M of interference ions NaCl, KCl, CaCl 2 , NiCl 2 , ZnCl 2 , HgCl 2 , CdCl 2 , Mg(NO 3 ) 2 , Pb(NO 3 ) 2 , AlCl 3 and FeCl 3 . Triplicate measurements were done for each interference ion and the average value was taken to determine the logarithm selectivity coefficient of the sensor.
RESULTS AND DISCUSSION EFFECT OF NATFPB ANION LIPOPHILIC SALT ON THE SENSITIVITY OF THE COPPER ION SENSOR
Sodium tetrakis [3,5-bis(trifluoromethyl) phenyl] borate, NaTFPB lipophilic salt (Figure 1(b) ) was incorporated into pBA membrane phase to create an anionic site. Anionic site is important for a cation selective sensor to have better sensitivity and shorter response time. However, the selectivity of a sensor can decrease when too much of anionic sites present inside the membrane because this anionic salts will control over the cation exchange reaction and causes the ionophore losses its functionality (Yew & Lee 2014) . Thus, the determination of the optimum composition of lipophilic salt NaTFPB and ionophore TPC inside the pBA membrane is vital due to their significant effects in sensitivity and selectivity (Lee & Hall 1996) . The sensitivity of a potentiometric ion sensor is based on a Nernstian response. Nemstian response is (Buck & Lindneri 1994) . Therefore, besides the standard copper chloride solution, screening measurements were also done in some interfering cations in selected concentration range in order to determine the sensor sensitivity. According to Figure 3 and Table 2 , Sensor 1a with membrane pBA composition (3.5: 0.5) gave bad performance in terms of sensitivity. It showed super-Nernstian response towards copper ion with slope of 52.17±3.63 mV/decade in the range of 10 -6 -10 -1 M. In terms of selectivity, a strong interference was observed to the other interference cations, lead, aluminium, potassium and calcium as the slopes of graph were more than 10 mV/decade. When compared with the sensor fabricated with NaTFPB only (Sensor 1b), the data presented in Table 2 clearly showed that the sensor also gave a similar response. It seems rational that Sensor 1b showed nonselective response to the five cations because cations will also interact with the anion lipophilic salt, TFPB -within the membrane pBA due to charge difference. That selectivity behavior will be improved when the ionophore TPC embedded inside the membrane pBA. However, this was not observed in Sensor 1a with immobilized ionophore TPC.
Anion lipophilic salt is well-known for its advantages to reduce membrane resistance and increase the polarity of the membrane, thus improves the sensitivity through the promotion of interfacial cation-exchange reactions at the membrane-solution interface (Kook & Lee 2017; Lee & Hall 1996) . Super-Nernstian response in copper ion solutions indicated the phenomena of eager incorporation of copper ions to the membrane bulk has occurred (Kisiel et al. 2015; Woźnica et al. 2011 ). It might due to insufficient amount of NaTFPB within the pBA membrane, caused inefficient of cation-exchange reactions and thus, insensitive and non-selective responses were obtained. Therefore, it was instructive to investigate the performance of the sensor with higher amount NaTFPB inside the membrane pBA.
According to Figure 4 and Table 3 , Sensor 2a with membrane pBA of higher amount of NaTFPB showed a Nernstian response of 28.18±3.68 mV/decade towards copper ions in the range of 10 -4 -10 -1 M. However, a characteristic with significant super-Nernstian response with more than 70 mV/decade was still obtained in the range of 10 -5 -10 -4 M. Super-Nernstian behavior is unfavorable due to such response is unstable and irreproducible (Kook & Lee 2017) . Furthermore, increment of higher amount of NaTFPB also did not improve the selectivity towards copper ions as showed in data presented by Sensor 2a. The responses towards the other four interference ions were still very high (>10 mV/ decade).
For Sensor 2b with the addition of higher amount NaTFPB only (compared to Sensor 1b), it was still responded to the five cations with the higher slopes of graph obtained and some of responses were similar with Sensor 2a especially for lead, calcium and potassium ions. Therefore, taking into account the above results, it seems rational to assume that all the five cations interact with the anion lipophilic salt rather than the ionophore TPC. The dominant effect of the cation exchange reaction by the anionic sites over the ionophore TPC had occurred. Thus, it was interested to study whether the copper ion sensor based ionophore TPC can operate without the addition of NaTFPB inside the membrane pBA.
Before the immobilization of ionophore TPC inside the membrane pBA, Sensor 3a with the pBA membrane free from the addition of NaTFPB and TPC the membrane pBA was tested for its response. As it can be seen in Table 4 and Figure 5 , Sensor 3a gave responses towards all the five cations. This indicated that the blank pBA membrane might contained certain amount of anionic charge intrinsically (Kook & Lee 2017) . Therefore, further addition of lipophilic anionic salt, NaTFPB caused the sensor to have no selectivity behavior as shown in the data presented here. For the Sensor 3b fabricated with the addition of 4.4 mg of TPC only (Table 4 & Figure 5 ), a good Nernstian response towards copper ions with the slope of 27.07 mV/ decade in the range of 10 -6 -10 -4 M was shown. Sensor 3b was also showing selectivity more favorable compared to the membrane sensor fabricated with the addition of NaTFPB. This was due to the slopes of graph for the four interference cations were small (<10 mV/decade) and with high standard deviation value (SD > 8.58). Such responses indicated that the Sensor 3b was unstable and non-selective to those interference cations. An excellent ionophore enable the sensor to respond exclusively to the desired ions while being almost irresponsive to the other ions (Huang . Therefore, according to the results, it was confirmed that TPC was sensitive towards copper ion and this membrane composition was used for further studies.
REVERSIBILITY, REPRODUCIBILITY AND LIMIT OF DETECTION
According to Figure 6 (a) and Table 5 (a), the average slope of graphs and linear range were 28.43 mV/decade and 10 -6 -10 -4 M. The relative standard deviation of the reversibility measurements was found to be 3.69%. This showed that this sensor had a good reversibility. To study the reproducibility of this electrode, a series of three electrodes were prepared and the performances of the three electrodes were showed in Figure 6 (b) and Table 5 (b). The linear response obtained was in the range of 10 -6 -10 -4 M and the average slope of graphs was Nernstian, 28.81±0.53 mV/decade. The relative standard deviation for the average sensitivity value was 1.84%, which showed good reproducibility of the sensor in terms of sensitivity. A good reversibility and reproducibility of this sensor indicated that ionophore TPC was compatible with the pBA membrane and the amount of ionophore TPC was homogenous within the pBA membrane. Hence, the performance of this Sensor 3b was stable. The results of these two studies were also similar with the results obtained by Ghanei-motlagh et al. (2014) .
The average limit of detection of three different batches of Sensor 3b was also calculated and showed in Table 5 (b). The limit of detection was found to be 6.11 × 10 -7 M.
RESPONSE TIME
The time taken by the sensor to attain a steady potential is taken as static response time. The response time was measured for a full range of concentration (10 -1 till 10 -8 M). It was noticed that the response time was less than 80 s for 10 -8 to 10 -7 M and less than 60 s for 10 -6 to 10 -1 M Cu 2+ concentrations change. This response time was similar to that for mercury ion selective electrode with pBA membrane (Jumal et al. 2012 ).
INTERFERENCE STUDIES ON COPPER ION SENSOR
Another vital characteristic of an ISE is its selectivity to the primary ion over interfering ions. For potentiometric study, the selectivity coefficient is determined according to IUPAC recommendation, separate solution method (SSM). This method was used to determine the logarithm selectivity coefficient of the sensor with reference to Nicolsky-Eisenmann equation as below and Sensor 3b was used for this study. According to this theory, if log is larger than 1, that means the ISE is more responding to the interference ions than the primary ion. In the most cases, log is smaller than 1, which means the ISE is more responsive to the primary ions. Hence, the smaller the log , the more selective the sensor towards the primary ion (Kook & Lee 2017; Umezawa et al. 2000) .
From Table 6 , the selectivity of the TPC-based electrode towards copper ion against some alkali, alkaline earth, transition metals and several heavy metals was high as indicated by the logarithm selectivity coefficient, which was less than -3 (e.g. for potassium, calcium, magnesium, nickel, cadmium, lead, zinc, mercury, aluminum and iron ions). Monovalent interference cation such as sodium gave higher logarithm selectivity coefficient. Such larger value is aroused from the (1 -) in the Nicolsky-Eisenman equation. Hence, the smaller the charge of the interference ion, Z B , the larger the value of the logarithm selectivity coefficient (Kook & Lee 2017; Kopylovich et al. 2011 ). Therefore, from the results obtained, this sensor showed a very good selectivity towards copper ions.
COMPARISON WITH PREVIOUS STUDY
The performances of the potentiometric copper ion sensor in this work are compared with the previously reported copper ion sensor based thiourea compound and other potentiometric copper ionophores (Tables 7 & 8) . When compared with copper ion sensor that based on thiourea as an ionophore, this new copper ion sensor showed better in selectivity performance and comparable sensitivity and detection limit. In terms of sensitivity and detection limit, this new copper ion sensor demonstrated slight improvement over those reported copper ion sensors so far.
CONCLUSION
This results of this work give an insight that the new compound TPC could be performed as an ionophore for the construction of a copper ion sensor based poly(nbutyl acrylate) membrane. An inherent anionic site response from the blank pBA membrane was observed from the studies and the introduction of NaTFPB into the pBA membrane failed to give good sensor performance. Therefore, the sensor fabricated without the addition of NaTFPB gave a better response towards sensitivity and selectivity. Furthermore, the sensitivity, detection limit and selectivity of this new copper ion sensor obtained was comparable or slightly better than other reported copper ion sensors. 
